
Introduction

Growth is one of the most important factors associated
with the progression of adolescent idiopathic scoliosis [3,
17]. Therefore, the height gain of individuals in different
age groups is of special interest for understanding the pro-
gression of scoliosis. There are studies which show that
girls with adolescent idiopathic scoliosis are taller in youn-
ger age groups than average girls of the same age [4, 10,
15, 16, 18]. Moreover, according to some studies, girls
with idiopathic scoliosis are taller than average normal
girls after maturity as well [6, 16]. Environmental factors
may have an effect on the prevalence of adolescent idio-
pathic scoliosis. Ryan and Nachemson [12] found that sco-
liosis was more frequent in higher socio-economic groups
than in lower groups. In Norway, Skogland and Miller
[13] found a prevalence of scoliosis with a curve magni-
tude of more than 10° of 0.5% in Lapps. The equivalent
figure for non-Lapps was 1.3%. Their observations were
based on 21,130 chest radiographs (minifilms). In Japan,

Ohtsuka et al. [11] reported a significantly higher inci-
dence of scoliosis (curves over 20°) in Tokyo than in its
surroundings for girls in the age range of 12–14.

The aim of this study was to compare the standing
height of girls with adolescent idiopathic scoliosis in dif-
ferent age groups with average girls of the same age, and
determine whether, after maturation, girls with idiopathic
scoliosis are taller than normal girls of the same age. As
lateral curves result in loss of spine height, and the
straightening due to thoracic kyphosis may result in gains
in spine height [1], a formula for the correction of height
loss due to the lateral curves was established, and the ef-
fect of thoracic kyphosis on height examined.

Materials and methods

The study consists of 1500 girls aged 9–24 with untreated idio-
pathic scoliosis of at least 10° of magnitude in their lateral curves,
and without any other disease except for lumbar spondylolysis and
spondylolisthesis. However patients with spondyloptosis were ex-
cluded from the study. Selection was made on the basis of consec-

Abstract In a Finnish population,
the standing height of 1500 consecu-
tive female patients aged 9–24 years
(mean 13.9 years) with untreated id-
iopathic scoliosis of at least 10° in
their lateral curves was compared
with the standing height of average
girls. The mean magnitude of the
major curves was 29.4° (range 10°–
80°), and that of the minor curves
20.3° (range 0°–66°). A formula for
the height loss caused by the lateral
curves, and that caused by thoracic
kyphosis, was derived. The corrected
height of the girls with idiopathic
scoliosis was highly significantly
(P<0.001) greater than the height of

average girls at the age of 11–15,
and this high level of significance
was present at the age of 11–13,
even without correcting for the height
loss caused by scoliosis. After matu-
ration, the girls with idiopathic scoli-
osis were not significantly taller than
average girls. On average, the mag-
nitude of thoracic kyphosis did not
affect the height of patients with sco-
liosis as compared with the height of
normal girls of the same age.

Keywords Adolescent idiopathic
scoliosis · Girls · Height · Height
correction · Menarche

ORIGINAL ARTICLE
Eur Spine J (2003) 12 : 288–291
DOI 10.1007/s00586-003-0527-x

Mauno Ylikoski Height of girls 
with adolescent idiopathic scoliosis

Received: 29 September 2002
Accepted: 21 December 2002
Published online: 1 April 2003
© Springer-Verlag 2003

M. Ylikoski (✉)
Orton Orthopaedic Hospital, 
Invalid Foundation, 
Tenholantie 10, 00280 Helsinki, Finland
Tel.: +358-9-47486238, 
Fax: +358-9-47482401,
e-mail: mauno.ylikoski@invalidisaatio.fi

Verwendete Mac Distiller 5.0.x Joboptions
Dieser Report wurde automatisch mit Hilfe der Adobe Acrobat Distiller Erweiterung "Distiller Secrets v1.0.5" der IMPRESSED GmbH erstellt.Sie koennen diese Startup-Datei für die Distiller Versionen 4.0.5 und 5.0.x kostenlos unter http://www.impressed.de herunterladen.ALLGEMEIN ----------------------------------------Dateioptionen:     Kompatibilität: PDF 1.2     Für schnelle Web-Anzeige optimieren: Ja     Piktogramme einbetten: Ja     Seiten automatisch drehen: Nein     Seiten von: 1     Seiten bis: Alle Seiten     Bund: Links     Auflösung: [ 2400 2400 ] dpi     Papierformat: [ 595 785 ] PunktKOMPRIMIERUNG ----------------------------------------Farbbilder:     Downsampling: Ja     Berechnungsmethode: Bikubische Neuberechnung     Downsample-Auflösung: 150 dpi     Downsampling für Bilder über: 225 dpi     Komprimieren: Ja     Automatische Bestimmung der Komprimierungsart: Ja     JPEG-Qualität: Mittel     Bitanzahl pro Pixel: Wie Original BitGraustufenbilder:     Downsampling: Ja     Berechnungsmethode: Bikubische Neuberechnung     Downsample-Auflösung: 150 dpi     Downsampling für Bilder über: 225 dpi     Komprimieren: Ja     Automatische Bestimmung der Komprimierungsart: Ja     JPEG-Qualität: Mittel     Bitanzahl pro Pixel: Wie Original BitSchwarzweiß-Bilder:     Downsampling: Ja     Berechnungsmethode: Bikubische Neuberechnung     Downsample-Auflösung: 600 dpi     Downsampling für Bilder über: 900 dpi     Komprimieren: Ja     Komprimierungsart: CCITT     CCITT-Gruppe: 4     Graustufen glätten: Nein     Text und Vektorgrafiken komprimieren: JaSCHRIFTEN ----------------------------------------     Alle Schriften einbetten: Ja     Untergruppen aller eingebetteten Schriften: Nein     Wenn Einbetten fehlschlägt: Warnen und weiterEinbetten:     Immer einbetten: [ ]     Nie einbetten: [ ]FARBE(N) ----------------------------------------Farbmanagement:     Farbumrechnungsmethode: Alle Farben zu sRGB konvertieren     Methode: StandardArbeitsbereiche:     Graustufen ICC-Profil:      RGB ICC-Profil: sRGB IEC61966-2.1     CMYK ICC-Profil: U.S. Web Coated (SWOP) v2Geräteabhängige Daten:     Einstellungen für Überdrucken beibehalten: Ja     Unterfarbreduktion und Schwarzaufbau beibehalten: Ja     Transferfunktionen: Anwenden     Rastereinstellungen beibehalten: JaERWEITERT ----------------------------------------Optionen:     Prolog/Epilog verwenden: Nein     PostScript-Datei darf Einstellungen überschreiben: Ja     Level 2 copypage-Semantik beibehalten: Ja     Portable Job Ticket in PDF-Datei speichern: Nein     Illustrator-Überdruckmodus: Ja     Farbverläufe zu weichen Nuancen konvertieren: Nein     ASCII-Format: NeinDocument Structuring Conventions (DSC):     DSC-Kommentare verarbeiten: NeinANDERE ----------------------------------------     Distiller-Kern Version: 5000     ZIP-Komprimierung verwenden: Ja     Optimierungen deaktivieren: Nein     Bildspeicher: 524288 Byte     Farbbilder glätten: Nein     Graustufenbilder glätten: Nein     Bilder (< 257 Farben) in indizierten Farbraum konvertieren: Ja     sRGB ICC-Profil: sRGB IEC61966-2.1ENDE DES REPORTS ----------------------------------------IMPRESSED GmbHBahrenfelder Chaussee 4922761 Hamburg, GermanyTel. +49 40 897189-0Fax +49 40 897189-71Email: info@impressed.deWeb: www.impressed.de

Adobe Acrobat Distiller 5.0.x Joboption Datei
<<     /ColorSettingsFile ()     /LockDistillerParams false     /DetectBlends false     /DoThumbnails true     /AntiAliasMonoImages false     /MonoImageDownsampleType /Bicubic     /GrayImageDownsampleType /Bicubic     /MaxSubsetPct 100     /MonoImageFilter /CCITTFaxEncode     /ColorImageDownsampleThreshold 1.5     /GrayImageFilter /DCTEncode     /ColorConversionStrategy /sRGB     /CalGrayProfile ()     /ColorImageResolution 150     /UsePrologue false     /MonoImageResolution 600     /ColorImageDepth -1     /sRGBProfile (sRGB IEC61966-2.1)     /PreserveOverprintSettings true     /CompatibilityLevel 1.2     /UCRandBGInfo /Preserve     /EmitDSCWarnings false     /CreateJobTicket false     /DownsampleMonoImages true     /DownsampleColorImages true     /MonoImageDict << /K -1 >>     /ColorImageDownsampleType /Bicubic     /GrayImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)     /ParseDSCComments false     /PreserveEPSInfo false     /MonoImageDepth -1     /AutoFilterGrayImages true     /SubsetFonts false     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>     /ColorImageFilter /DCTEncode     /AutoRotatePages /None     /PreserveCopyPage true     /EncodeMonoImages true     /ASCII85EncodePages false     /PreserveOPIComments false     /NeverEmbed [ ]     /ColorImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>     /AntiAliasGrayImages false     /GrayImageDepth -1     /CannotEmbedFontPolicy /Warning     /EndPage -1     /TransferFunctionInfo /Apply     /CalRGBProfile (sRGB IEC61966-2.1)     /EncodeColorImages true     /EncodeGrayImages true     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>     /Optimize true     /ParseDSCCommentsForDocInfo false     /GrayImageDownsampleThreshold 1.5     /MonoImageDownsampleThreshold 1.5     /AutoPositionEPSFiles false     /GrayImageResolution 150     /AutoFilterColorImages true     /AlwaysEmbed [ ]     /ImageMemory 524288     /OPM 1     /DefaultRenderingIntent /Default     /EmbedAllFonts true     /StartPage 1     /DownsampleGrayImages true     /AntiAliasColorImages false     /ConvertImagesToIndexed true     /PreserveHalftoneInfo true     /CompressPages true     /Binding /Left>> setdistillerparams<<     /PageSize [ 595.276 841.890 ]     /HWResolution [ 2400 2400 ]>> setpagedevice



utive patients fulfilling the above criteria who were referred to Or-
ton Orthopaedic Hospital, in Helsinki, because of scoliosis be-
tween the years 1987 and 1997. The author measured the subjects’
lateral and sagittal curves from full-length standing posteroanterior
(PA) and lateral radiographs by Cobb’s method.

To get a formula for the correction of height loss caused by lat-
eral curves, the distance from the upper endplate of T4 to the lower
endplate of L4 was measured twice on PA radiographs of 130 pa-
tients, once by a flexible wire according to the midpoints of the in-
tervertebral discs, and again using the direct distance (Fig. 1). To
obtain the formula, the magnitudes of the major and minor lateral
curves were added together. The magnitude of thoracic kyphosis
was measured from T4 to the lower end vertebra of the kyphosis,
which in most cases was T12. To get a formula for correction of
the height loss caused by thoracic kyphosis, the distance from the
upper endplate of T4 to the lower endplate of L4 was measured
twice on lateral radiographs of 30 patients, first using a flexible
wire according to the midpoints of the intervertebral discs, and
then by direct distance (Fig. 2). The magnitude of 29° was consid-
ered as a reference when correcting for the height loss or gain
caused by the thoracic kyphosis, as this was the mean magnitude
of thoracic kyphosis in normal girls with a mean age of 13.8, as

measured by pantogram in the study of Nissinen et al. [9]. If the
kyphosis was more than 29°, the correction was added to their
height, and if the kyphosis was less than 29°, the correction was
subtracted from their height. The standing heights and time of
menarche for each subject were obtained from their clinical data.
The control material of Sorva et al. [14] was used to compare the
height of the girls with scoliosis with that of average Finnish girls.

Statistical significances were tested by the two-way Student’s
t–test. P<0.05 was regarded as significant.

Results

The mean age of the patients was 13.9 years (SD 1.9, range
9–24 years); the mean magnitude of the major curves was
29.4° (SD 11.2, range 10°–80°), and that of the minor
curves 20.3° (SD 9.9, range 0°–66°). A total of 1329 pa-
tients had standing full-length lateral radiographs, from
which the measured thoracic kyphosis was on average
31.5° (SD 11.8°). A total of 1361 patients had either stand-
ing full-length or standing or supine lumbar lateral radio-
graphs, from which it was possible to detect a lumbar ver-
tebral spondylolysis and spondylolisthesis. The mean
magnitude of spondylolisthesis for the 123 patients who
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Fig. 1 Measurement method for the height loss between T4 and
L4 caused by lateral curves. a and b are the respective angles of the
major and minor curves; c is the curved distance from the upper
endplate of T4 to the lower endplate of L4 according the midpoints
of intervertebral discs; and d is the straight distance from the upper
endplate of T4 to the lower endplate of L4

Fig. 2 Measurement method
for the height loss between T4
and L4 caused by thoracic
kyphosis. k is the angle of tho-
racic kyphosis; c is the curved
distance from the upper end-
plate of T4 to the lower end-
plate of L4 according to the
midpoints of intervertebral
discs; and d is the straight dis-
tance from the upper endplate
of T4 to the lower endplate of
L4



had spondylolysis (9%) was 16.6% (SD 13.6%). An accu-
rate time of menarche (year and month) was known for
634 patients. From these data, the mean menarcheal age
was calculated to be 13.1 years (SD 1.1 years). This is not
significantly lower than the menarcheal age of 13.2 years
for normal Finnish girls [7]. The mean menarcheal age of
patients with major curve magnitudes above the mean
(≥29°) did not differ from those with major curve magni-
tudes below the mean (<29°).

The formula for height loss of T4–L4 caused by lateral
curves is shown in Fig. 3, and for that caused by thoracic
kyphosis in Fig. 4. Thoracic kyphosis, on average, did not
affect the heights of patients with scoliosis when com-
pared with the mean magnitude of kyphosis for normal
girls of the same age, and this was therefore ignored when
the corrected height was calculated. The girls without cor-
rection for height loss caused by lateral curves are statisti-
cally highly significantly (P<0.001) taller than average
girls aged 11–13, and significantly (P<0.05) taller at the age
of 14–15. When the height loss caused by lateral curves is
corrected for, girls in the age group 14–15 were also
highly significantly (P<0.001) taller than average Finnish
girls (Fig. 5). After the age of 15, the girls with idiopathic
scoliosis were taller than average Finnish girls, but not
significantly so.

Discussion

The formula proposed by Bjure et al. [2] for the correction
of height loss caused by scoliosis was not used, as it only
takes account of the major curve, and because it is based
on data from quite large curves. Minor curves also lead to
spine height loss, and their effects may be as great as a
major curve for individuals with double scoliosis. There-
fore, in the present study, the magnitudes of the major and
minor curves were added together when calculating the
formula for the height loss caused by lateral curves, and
the full spectrum of magnitudes of scoliosis, from lesser
to greater curves, was used. The measurements were made
from T4 to L4, as in most cases lateral curves extend over
these segments.

To study the effect of thoracic kyphosis on standing
height, a control group of age-matched average girls was
used. In the present study the magnitude of thoracic kypho-
sis had, on the average, no effect on the standing height of
girls with idiopathic scoliosis. This is in contrast to the
suggestion of Archer and Dickson [1] that increased
standing height in scoliotic girls may be caused by the
straightening of normal kyphosis. However, as the verte-
brae in the scoliotic region are rotated, normal lateral ra-
diographs do not show the real lateral view of thoracic
kyphosis. According to the present study with a large
number of girls from the homogeneous Finnish popula-
tion, girls with idiopathic scoliosis after maturation are
somewhat taller than average Finnish girls, but not signif-
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Fig. 3 Relation between lateral curves and the height loss between
T4 and L4 in 130 patients. Height loss (mm) = 0.0062 * x + 0.0024 * x2

(where x = major plus minor curve, in degrees)

Fig. 4 Relation between thoracic kyphosis and the height loss be-
tween T4 and L4 in 30 patients. Height loss (mm) = –1.68+0.315 * x
(where x = thoracic kyphosis in degrees)

Fig. 5 Corrected standing height in different age groups
(mean±SD) in 1500 patients with idiopathic scoliosis. The black
line and shaded area show the heights of average girls (mean±SD)
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icantly so. The result is in disagreement with the studies
of Leong et al. [6] and Willner [16].

In the present study in a Finnish population, the growth
pattern of girls with idiopathic scoliosis was clearly dif-
ferent from that of age-matched girls; the scoliotic girls
had an earlier pubertal growth spurt. The result is in
agreement with those of Willner [15], Nordwall and Will-
ner [10], Goldberg et al. [4], and the follow-up study of
Nissinen et al. [8], in which 41 out of 430 girls developed
idiopathic scoliosis with a magnitude of 10° or more. The
girls with scoliosis had their period of peak rate of in-
crease in sitting height significantly (P=0.02) earlier than
the other girls, and on the average they had a higher (P=
0.08) peak rate of increase in sitting height than the other
girls.

Surprisingly, the mean menarcheal age was only slightly,
but not significantly, lower than that of normal Finnish
girls. The result is in agreement with the study of Nissinen
et al. [7]. In contrast, Hägglund et al. [5] found that girls
with idiopathic scoliosis had their menarche significantly
(P<0.01) earlier than healthy girls. Goldberg et al. [4] came
to the same result when they compared girls with scolio-
sis and girls in the general population in Ireland.

Conclusions

In a Finnish population, girls with idiopathic scoliosis are
highly significantly taller than average girls at the age of
11–15 when height loss caused by scoliosis is corrected
for, and also at the age of 11–13 years even without any
correction for height loss.

After maturation, girls with idiopathic scoliosis are not
significantly taller than the average girls in the Finnish
population.

The magnitude of thoracic kyphosis, on the average, does
not affect the height of patients with scoliosis when com-
pared with normal girls of the same age.

The mean menarcheal age for girls with adolescent id-
iopathic scoliosis is not significantly lower than that of
normal girls in the Finnish population.
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